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CONCIDSIONS

a. Administrative

The study provides only ANCILIARY (i.e, SUPPLEMENTAL) information at this
time. The data presented do not address the release of Ag and Cu beyond
15-days, even though a very substantial release was cobserved at the day-15
sampling. Data beyond 15-days are required. This study is not a hydrolysis
study, but a "release-from-the matrix" study at pHs 5, 7 and 9.

The registrant must clarify if the non-exchanged zeolite (that is, without
exchange by Ag and Cu) would always be the same. If the registrant uses a
variety of zeolites for exchange with Ag and Cu, characterization of the
exchanged product and a 161-1 study for each different product may be
required. The present study was conducted with a material provided by the
registrant, which contains 3.4% Ag and 6.1% Cu by weight (anhydrous) and
the results apply specifically to that product. In addition, the registrant
must clarify the oxidation state of silver and copper in the parent "Ag-Cu
Zeolite".

No attempts were made by the registrant to present the predominance of
different Ag and Cu species that would be expected at the released
concentrations at pH 5, at pH 7 and pH 9. The registrant must present data
on concentration of Ag and Cu in the buffer systems and from the data
estimate the predominance of Ag and Cu species at each of the three pHs.

The same applies for the positive control ("spiked") samples. The registrant
may choose a computer program such as MINTEQ to generate the data, indicating
which species are soluble and which one are insoluble phases. Resul‘ts

should be compared to speciation of Ag and Cu as a function of pH in the
absence of buffers.

OUTDOOR USES (Potential future use):
Since the use of buffers does not pmvicie a realistic scenario for the release

of Ag and Cu from "Ag-Cu Zeolite" in the envirormment (soil; natural waters),
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the registrant can generate release rate data that more realistically approach
environmental conditions. The Branch believes that the data obtained from
this approach can be used towards supporting OUTDOOR uses. The suggested
approach is to incorporate into the hydrolysate metal ions that are ubiquitous
in soils and natural waters and that could exchange for Ag and/or Cu in the
zeolite. The studies should be conducted in the absence of a buffer system
and the following pH ranges are suggested 5 to 6; 6_to 7; 8 to 9. The

cations to be used are ca?t (pH 6-7; pH 8-9) and Al3* (pH 6-6) introduced

in the aqueous system as the chlorides. For calcium at pH 8-9, the calcium
ion activity should be below the solubility of the solid phase calcite
(calcium carbonate) ; the aluminum ion activity would be determined by the
solubility of gibbsite (aluminum hydroxide).

b. Scientific

According to the presented data, maximum release of Ag and Cu appears to
occur at pH 5, with releases decreasing with increasing pH. There was a
plateau at all pHs between 2 to 8 days, with a substantial release in the
15 day samples. However, since no sampling occurred beyond 15 days, the
data do not provide any information on long-term release.

The studies were conducted in buffered systems at 25 C. Results reported
by the registrant appear under the "REPORTED RESULTS" section.

MATERTATS AND METHODS

Test Material: The test material "Ag-Cu Zeolite" was provided by the sponsor.
It contained 3.4% Ag and 6.1% Cu by weight (anhydrous).
The moisture content was measured at the performing laboratory
as 20.7%.
No further physical-chemical characterization (except physical
state and color) were reported.

stem: The test system(s) consisted of 40-mL amber glass vials fitted
with screw caps and Teflon-faced septa.

Each vial contained 30-45 mg sample of the "Ag-Cu Zeolite"
and 30 mL of the desired buffer system (pH 5= acetate buffer;
pH 7= phosphate buffer; pH 9= borate buffer). The ratio of
buffer to zeolite was about 1 ml/mg.

Vials were placed in a temperature controlled chamber (25+1 C)
and protected from light. Samples were agitated by magnetic
stirring.
The initial pH of the hydrolysis medium was measured by pH
paper.

Control Samples: Negative (neat buffer solutic:ns%g:ﬂ positive (buffer with

standard solution of Ag™ and cu?t at 25 ppb and 100 prb,
respectively) controls were used.
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Sampling Time: 0, 1, 2, 4, 8, and 15 days.

Analytical Methodology: After removal from vial, hydrolysates were passed
through 0.45 ug Teflon filters to ensure that only
dissolved silver and copper were measured; filtrates
were stabilized with nitric acid and stored at 4 C
prior to analysis.

Hydrolysates and negative and positive standards
were analyzed by Inductively Coupled Argon Plasma
(ICAP). Calibration curves and calculated sample
concentrations were based on the average area of the
ICP signal for 4-sequential aspirations of each
solution.

All release rate data was corrected to unit weight
of zeolite powder,

mlght of zeolite present

The release rate of Ag and Cu from "Ag-Cu Zeolite" in buffered systems
at pH 5, 7 and 9 are summarized below,

pH 5 pH 7 pH 9
Release Rate 0.59 0.49 0.047 0.15 0.023 0.051
(uwg/mg zeolite/day)
% of Total Metal 29% 14% 2.4% 4.9% 1.3% 1.8%
after 15 days

The release deviated from linear, with a plateau between 2-8 days, with
a substantial release for the 15-day point.

The studies performed with the "spiked" (positive) control samples showed
that the recovery of Ag was the lowest at pH 7, which the author attributed
to "absorptive losses".

1. The study does not provide a long-term release pattern for Ag and Cu in
this "Ag—Cu Zeolite", since a substantial amount of metal was released

by time 15 days (after a plateau of 1 to 8 days) and no sampling was
performed after 15-days. The study should have extended beyond 15-days.
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2. The data applies only to the particular "Ag—-Cu Zeolite" provided by the
sponsor. Since it is not clear which specific zeolite is used as the
matrix and ion exchange properties vary with zeolite type, the data may
not be valid for "Ag-Cu Zeolites" prepared from other zeolites. For
this reason, the registrant is being requested to provide further
information on the zeolite matrix used in the Ag-Cu Zeolite for which
they are seeking registration.

3. The expected predominance of the different Ag and Cu species that can
form in the buffer systems should have been calculated and presented
as predominance diagrams for both the positive controls and the
hydrolysates by using computer programs such as MINTEQ and compared to
predominance of Ag and Cu species as a function of pH in the absence of
buffers.

4. The detection and quantitation limits of the ICAP system were not clearly
specified.

5. Use of pH papers to measure pH is not a desirable method.
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Table 1: Sample Weights and pH Values for pH § Hydrolysis Samples
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Table 2: Hydrolysate Silver and Copper Concentrations for pH 5 Hydrolysis
..‘..' E‘.‘:CE
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TEST  ASSAY SLVER® COPPER"  “eses  Tii0e
SAMPLE DAY DATE DILUTION PP8 RPDeo RSD PP8 RPD grASQ R
aE8e
¥ IG:U::
- -.I Ii..i:
[ XXX L
AC-5-8 ] 524 105 15 SER se oo
[ E RN ]
AC-5-1 1 s24 110 602 851
AC-5-2 2 524 1900 9 2830 5
AC-5-2 (DUP)™ 2 524  1:10 1730 2740
AC-5-3 4 530 1940 10 3940 9
AC-5-3 (DUP)™ 4 s30 1110 2350 4820
AC-53 (DUP)™" 4 S30  1:100 2050 3960
AC-5.7 (REP)** 4 5730 1370 27 3240 17
AC5.7 {DUP)" e 530 1:10 1800 3830 : e w
¥ . ® : ] :
AC-54 8 530 1690 11 4170 e S gy
AC-54 (DUP)** 8 530 1:10 2150 4830 iy .
AC-5-4 (DUP)" : S30 120 1708 4220 :_ tl : sesee
AC-5-4 (DUP)" 8 530  1:10 2110 4950 St sesse
AC-5-4 (DUP)** 3 &30 120 1874 4200 By .
AC-55 15 TR 10100 10 7680 R R
AC-5-5 (DUP)" 15 702 1:10 2890 7780 sses “2:‘:!
AC-5-5 (DUP)™" 15 772 1:100 8330 7380 sece

REP = Analysis of replicate vial.

Arthur D Little

* Concentrations shown have baen carmected for dilution.
RPD (Range Percent Difference) if 2 values; RSD (Relative Standard Devistion) if >2 values.

** DUP = Analysis of replicate aliquot from same vial
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l Table 3: Silver and Copper Concentrations for pH 5 Hydrolysis, Corrected to
Unit Weight y P
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Figure 1: Graphical Representation of pH § Hydrolysis Resuits
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. Table 4: Sample Weights and pH Values for pH 7 Hydrolysis Samples

POWDER INIT TEST TEST FINAL

SAMPLE  WT (mg)° pH DAY  DATE pH

AC-78 254 7.0 0 s03 7.0

AC-7-1 27.0 7.0 1 5/04 65

AC-7-2 30.1 7.0 2 508 7.0

AC73 26.2 7.0 “ 507 75

AC-74 246 7.0 8 sm 6.5

AC-7-5 285 7.0 15 5/18 6.0

A R N » —. AC78 238 7.0 6/06 7.0
AC-7-7 zs 4 7.0 /08 7.0 j i ;

* Anhydrous basis (corrected for 20.7% moisture)
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Table 5: Hydrolysate Silver and Copper Concentrations for pH 7 Hydrolysis

TEST  ASSAY SILVER® COPPER"
SAMPLE DAY  DATE DILUTION PP RPD PP8 RPD
AC-7-8 0 21 65.3 434
AC-7-1 1 521 78.5 481
AC-7-2 2 /21 80.5 16 533 3
AC-7-2 (DUP)™ 2 s24 15 94.5 565
AC-7-3 4 521 1060 @ 18 802 23
AC-7-3 (DUP)™ 4 524 1:10 1120 @ 755
AC-74 s 5/21 102 3 358 2
AC-7-4 (DUP)™ 2 521 108 365
AC-7-5 15 5/21 656 34 ..2790- - 5~
AC-75 (DUP)™ 15 524 1:10 927 2330

* Concentrations shown have been corrected for diution
RPD (Range Percent Ditference)

** DUP = Analysis of replicate aliquot from same via!
REP = Analysis of replicate vial.

@ Apparent anomoious result (outlier)

Arthur D Little
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Table 6: Silver and Copper Concentrations for pH 7 Hydrolysis, Corrected to

Unit Weight
TEST  ASSAY SILVER COPPER

SAMPLE DAY  DATE PPB ug/mg PPB ug/mg
AC-7-8 ° 521 86 2.078 434 0.51
AC-7-1 1 521 79 0.087 481 0.53
AC-7-2 (AVE)* 2 572124 88 0.087 549 0.55
AC-7-3 (AVE)* 4 52124 1080 @ 125 @ s79 0.78
AC-74 (AVE)*" 8 521 105 0.13 382 0.4
C-7-5 (AVE)* 15 521,24 792 0.83 2360 3.0

* (AVE) = Value shown is the arithmetic mean of values in Table 5.

@ Apparent anomolous result (outlier)
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Figure 2: Graphical Representation of pH 7 Hydrolysis Resuits
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POWDER INT  TEST TEST FINAL
SAMPLE  WT (mg\~ pH DAY  DATE pH
REPEATS

AC-9-1R 238 9.0 0 12 9.0

AC-9-2R 245 9.0 1 813 9.0

AC-9-3R 203 9.0 4 w16 9.0

AC-94R 25.1 9.0 8 6/20 9.0
s T AC9SA 25.5 9.0 5 e 93

Arthur D Little

T ** Anhydrous basis (corrected far 20.7% moisturae)
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Table 7: Sample Weights and pH Values for pH 9 Hydrolysis Samples
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Table 8: Hydrolysate Silver and Copper Concentrations for pH 9 Hydrolysis

P e BN @B N R EE wa
I

TEST ASSAY SILVER COPPER
SAMPLE DAY DATE PPB RPD PP8 RPD
REPEATS
AC-9-1R 0 702 NA  (Notfitered prior 1 storage)
AC-9-2R 1 7/02 138 4 a7 14
AC-3-2R (DUP)™ 1 7/02 91 293
TR _ AC-93R 4 7102 69 g e
AC-94R 8 7102 65 984
AC-9-5R 15 702 369 930

** DUP = Analysis of replicate aliquot from same vial
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Table 9: Silver and Copper Concentrations for pH 9 Hydrolysis, Corrected to

Unit Weight
TEST ASSAY SILVER COPPER

SAMPLE DAY DATE PPB ug/mg PPB ug/mg

AC-9-1R 0 Not analyzed Not analyzed
AC-9-2R (AVE)* 1 7/02 118 0.14 315 0.29

AC-9-3R 4 7/02 69 0.071 621 0.64

AC-94R 8 7/02 65 0.078 984 1.2

AC-9-5R 15 7/02 369 0.43 930 11

* (AVE)} = Value shown is the arithmetic mean of values shown in Table 8.
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l Figure 3: Graphical Representation of pH 9 Hydrolysis Results
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Table 10: Resuits for Hydroiysis Study Negative Controls (Blanks)
' INIT TEST TEST FINAL SILVER COPPER
l. SAMPLE pH DAY DATE pH PPB* PPB*
B-5-8 NR* 0 521 5.0 47 37
' B-5-1 NR 1 522 5.0 2.4 42
B-5-2 NR 2 5123 5.0 39 6.4
8-5-3 NR 4 5/25 5.0 28 19
l B-54 NR 8 s/28 5.0 ND ND
B-5-7 NR 8 522 5.0 5.0 ND
B-5-5 NR 15 &/05 5.0 6.6 13
l B-5-6 NR NA"** NA NA NA
MEAN, pHS 72 49
I B-7-8 7.0 0 5/03 7.0 23 9.7
B-7-1 7.0 1 5/04 6.5 ND 82
B-7-2 7.0 2 5/05 7.0 ND 6.6
' B-7-3 7.0 4 507 65 ND 6.4
= P S B-74 7.0 8 s/11 65 CINDE T 3
B-7-7 7.0 8 511 6.5 ND 6.6
B-7-5 7.0 15 818 6.5 ND 5.4
B-7-6 7.0 8/06 7.0 NA NA
MEAN, pH7 0.3 7.1
l B-9-8 NR 0 5/21 9.0 1.9 3.6
B-9-1 NR 1 522 9.0 23 28
B-9-2 NR 2 523 9.0 2.4 2.0
B-9-3 NR 4 - 528 6.0 13 1.1
B-9-4 NR 8 52 6.0 5.9 27
B9-7 NR 8 529 6.5 9.3 1.7
I B9-5 NR 15 6/05 7.0 17 3.1
B-9-6 NR NA NA NA NA
l MEAN, pHg 7.4 24
I * ND = Not Detectsd (sample response in laboratory blank range); reated
as zero in cakulating mean.
l ** NR = Not recorded
' *** NA = Not analyzed.
- Page 31 of 49
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Table 11: Results for Hydrolysis Study Positive Controls (Spikes)

PERCENT RECOVERY

INIT TEST TEST FINAL SLVER COPPER
SAMPLE pH DAY DATE pH % ~
c-5-8 5.0 0 521 5.0 101 110
C-5-1 5.0 1 522 5.0 06 100
cs-2 5.0 2 523 5.0 87 106
c5-3 5.0 4 5725 5.0 12 110
C-5-3 (DUP)* 122 118
C-54 5.0 8 529 5.0 92 102
Cc-5-5 5.0 15 6/05 5.0 115 107
C-5-5 oUP)* 11 108
C-5-7 (REP)* 5.0 15 8/05 5.0 o8 140
C-5-6 NR** NA** NA NA NA
MEAN, pH 5 108 12
c-78 7.0 0 5/03 7.0 80 1
C-7-1 7.0 1 5/04 6.3 70 108
c-7-2 7.0 2 5/05 s =77 --102
c-7-3 7.0 4 5/07 6.5 75 119
C-74 7.0 8 s/11 6.5 72 "
C-7-5 7.0 15 5/18 6.5 64 m
C-7-7 (REP)* 7.0 15 5/18 6.5 54 104
C-7-7 (DUP)* 58 104
c-7-6 7.0 . 6/08 7.0 NA NA
MEAN, pH7 69 109
c9-8 NR 0 521 9.0 101 107
C-8-1 9.0 1 S22 9.0 110 109
c-8-2 9.0 2 523 9.0 61 108
Cc-8-3 9.0 4 5/25 6.5 100 103
C-o-4 9.0 8 5/29 6.0 65 108
C-9-5 2.0 15 6/05 7.0 83 o7
C-9-7 (REP)* 9.0 15 6/05 7.0 132 101
C-8-7 (DUP)* 136 101
Cc9-6 NR NA NA NA NA
MEAN, pH® 99 104
* (DUP) = Analysis of replicate sample from same vial

(REP) = Analysis of replicate vial
** NR = Not recorded
NA - Nl an “ Y
e page *
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I Figure 4: Comparison of pH §,7,and 9 Resuis for Silver
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Figure 5: Comparison of pH 5, 7, and 9 Results for Copper
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